Routine serological testing of a number of strains of bacteriophage indicated that some of them were related serologically to coliphages T3 and T7. One of these strains was dysentery phage D44, placed by Burnet (1933) in serological group 2 of the coli-dysentery phages. Two others were phage strains I and IV of the group of Serratia marcescens phages described by Wasermann and Seligmann (1953) . Possesson of these five serologically related phage strains permitted a systematic study of their properties for the purpose of defining the characteristics of the T3,D44 species of bacteriophage. This paper is another step in the development of a systematic classification of the bacteriophages (Adams, 1953) .
MATERIALS AND METHODS
Serratia marcescens, strins 3 and 4, and the corresponding phages I and IV were obtained from Dr. M. Wassermann of Beth Israel Hospital, New York. They have been described briefly by Wassermann and Seligmamn (1953) . Phage D44 was described by Burnet (1933) and was obtained from Dr. B. Stocker of the London School of Hygiene and Tropical Medicine. Phages T3 and T7 have been described by Demerec and Fano (1945) and by Delbriick (1946) . The routine methods used in phage research have been described in detail by Adams (1950) .
EXPERIMENTAL RESULTS Serological relationships. An early step in the study of a new phage should be the determination of its susceptibility to inactivation by antisera against various known phage strains. It has been repeatedly demonstrated that serological relationship in viruses is correlated with similarities in many other properties. Neutralization of a phage by a heterologous antiphage XAided by a grant from the National Foundation for Infantile Paralysis, Inc. serum is not proof of a serological relationship because the serum may be contaminated with unsuspected antibodies against other phages. Cross neutralization, however, warrants further comparative studies of the phages.
The serological relationships among the phages in this group are summa in table 1, which gives the pseudo first order velocity constant K for phage neutralization for each phageantiserum system studied. No antiserum against D44 has been prepared, but it is evident that this phage is neutralized by antisera against each of the other phages in the group. It is clear that a serological relationship exists among the phages in this group. It is also apparent that there is a considerable degree of serological specificity since in each case the neutralizing activity for the homologous phage is much greater than for the heterologous phages. This is rather different from the case of the T2,C16 species where the phages in the group are much more closely related serologically.
Host ranges. A preliminary survey of the host ranges of the phages in this serological group was made by spreading a loopful (0.01 ml) of undiluted phage stock over a square centimeter area of an agar plate inoculated with the bacterial strain under test. The results in were reported by Wassermann and Seligmann (1953) .
Phages T3, T7, and I were titrated on certain selected hosts to determine their efficiencies of plating (EOP) relative to that on their customary 2.1 X 1010/ml 2.4 X 1010/ml 6.9 X 109/ml 2 X 107/ml (Anderson, 1946) . They have been recently examined by the freeze-drying technique which avoids distortion of the phage bodies by surface tension. By this technique they were found to have a hexagonal cross section with distance of 47 mu between parallel faces and with a short tail 15 by 10 m,u (Fraser and Williams, 1953; Williams, 1953) . The size of phages in serological group 2, which includes phage D44, was stated by Burnet (1933) (Welsh, 1953) .
Latfnt period. The latent period is the minimum time between adsorption of a phage particle to the host cell and lysis of the host cell with release of phage progeny. The latent period is a remarkably constant characteristic of a phage strain under constant conditions. The latent period of Serratia phage I was rather difficult to determine because of a very slow adsorption rate. By using a concentrated bacterial suspension for adsorption and omitting the serum neutraliza-tion of free phage, it was possible to determine the approximate latent period. Data on latent periods are assembled in table 5. It is evident that the latent periods for this group of phages all fall within the range of 13 to 20 minutes; that is within the range of latent periods of phage T7 on two different hosts. The latent periods, as determined by mass lysis of cultures followed turbidimetrically after multiple infection, were the same as the latent periods determined by the one step growth experiment. This indicates that the phenomenon of lysis inhibition (Doermann, 1948) does not occur with the members of this group that have been studied so far.
Citrate sensitivity. The inability of certain phages to form plaques on agar containing citrate ion was used as a taxonomic criterion by Burnet (1933 (Adams, 1952 (Fraser and Dulbecco, 1953) . Unfortunately, of the five phage strains we have studied in this paper, only three have a common host. Since no common host was found for either D44 or IV with any of the other three, this criterion is not applicable to these phages.
DISCUSSION
In a previous publication (Adams, 1953) certain major criteria were proposed for defining the species category in bacteriophages. These were (1) serological relationship, (2) morphological resemblance, (3) similarity in physiological properties, and (4) results of mixed infection experiments. It was suggested that similar conclusions drawn from criteria (1) and (2), (1) and (3), or (1) and (4) would be adequate evidence for placing two phage strains in the same species or for excluding one of them from the species. These criteria have been previously applied to the characterization of the T2,C16 species and the T5,PB species (Adams, 1952) . The present paper has been devoted to the application of these criteria to the T3,D44 species.
With respect to criterion (1) Criterion (3) involves a comparison of various physiological properties of the phage strains under study. Only extensive investigation will reveal which physiological properties will be of taxonomic significance and which will be rela& tively useless. A comparison of some properties of the three phage species T3,D44, T2,C16, and T5,PB is given in table 6. It is at once evident that the T3,D44 species is less susceptible to inactivation by ultraviolet light but more susceptible to heat inactivation than are the two other species. It lies between the other two species in sensitivity to photodynamic inactivation. Whether sensitivity to such inactivating agents will be a useful taxonomic criterion remains to be seen, but it does clearly distinguish these three species. The latent periods of the three species are reproducible and distinctive under controlled conditions and may well be of taxonomic value. The calcium requirement of the T5,PB species seems to be of considerable taxonomic significance since it is not found in 324 [voL. 68 on September 23, 2017 by guest http://jb.asm.org/ the other two species. Similarly, the phenomenon of lysis inhibition is found only in the T2,C16 species, and multiplicity reactivation does not occur in the T3,D44 species. It seems at present as though these all-or-none physiological properties may be of greater taxonomic value than those which involve only quantitative differences such as latent periods or sensitivity to ultraviolet irradiation.
Criterion (4), the results of mixed infection experiments, cannot be applied to all members of the T3,D44 species because of lack of a common host although this criterion has been applied successfully to the T2,C16 and the T5,PB species.
It should be noted from the summary in table 6 that host range is of no value in defining either the limits of a phage species or in distinguishing two species from each other. It is conceivable that host range may be of taxonomic significance on a higher level, but there is no evidence yet available on this point. The host ranges of the phage species considered in table 6 encompass four bacterial genera, but these are all included in one family the Enterobacteriaceae. It is possible that the host ranges of phage species should be considered from the level of bacterial families rather than of genera or species. The three phage species of table 6 have not been extensively tested on bacterial strains not included in the four genera Escherichia, Shella, Salmonella, and Serratia. The ultimate host range of these phage species may be much broader than is now SUMMARY The properties of coli-dysentery phages T3, T7, and D44 and of Serratia phages I and IV have been described. It has been demonstrated that these phages are serologically related, are morphologically similar, and have many physiological properties in common. On the basis of serological, morphological, and physiological criteria it is concluded that these phages should be classified as strains or types within a single species. The properties of the T3,D44 species have been compared with the properties of the T2,C16 and the T5,PB species.
